AMERICAN SOCIETY CIVIL ENGINEERS. 


INSTITUTED 1852. 


TRANSACTIONS. 


Note.—This Society is not responsible, as a body, for the facts and opinions advanced in 
any of its publications. 


(Vol. XI.—November, 1882.) 


THE INCREASED EFFICIENCY RAILWAYS 
FOR THE TRANSPORTATION FREIGHT.* 


Reap 1882. 


the Louisville convention this Society, held May, 1873, 
distinguished civil engineer and member this Society, quoting from 
address delivered him before the Chamber Commerce the 
City New York, took the ground that the New York State canals 
formed the only line transportation tide-water, for the cereal pro- 
ducts the great West, that could compete with the Welland Canal and 
St. Lawrence River, and that ship canal connecting the waters the 
great lakes with the Hudson River was necessary the continuance 
the commercial supremacy the City New 


* Most of the data for this paper were collected and prepared for the forthcoming report 
on Internal Commerce, of Hon. Jos. Nimmo, Jr., Chief of Bureau of Statistics of the Treasury 
Department, with whose consent they are presented before the American Society Civil 
Engineers in advance of the publication of his report. 
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the course his remarks the gentleman said: stated that 
three-fourths all the freight from the West tide-water went two 
canals, chiefly the Erie that left but two million tons carried 
the four trunk railroads. Although the quantity freight 
large, during the year these roads together moved eastward only two 
million tons through freight, which the class allude to.” 

The year referred was 1872. 

replied the above stating that the ultimate capacity rail- 
road was, toa great extent, matter speculation, but that with 
double track, devoted entirely freight traffic, there would diffi- 
culty carrying one thousand 000) tons per hour, abc 200 000 
tons per annum one direction, and added: will not attempt com- 
pare the cost carrying seven million tons one railway with that 
(as alleged) two million tons four evidently 
would much below the least sum already stated (by myself) the 
cost one first-class railway, namely, seven mills per ton per mile.” 

refer this discussion show that only nine years ago informa- 
tion regarding the capacity railroads for traffic was very meagre, the 
popular impression their efficiency, compared with that canals, 
being wholly erroneous. 

The gentleman referred was error even his statement 
the transportation cereals tide-water 1872, for appears (see 
Schedule attached) that the grain transported New York, 
bushels (say, tons) were transported canal, and 
586 167 bushels (say, 1074000 tons) were transported rail, and 
that 1873 the movement grain rail New York exceeded that 

have compiled from the report the Bureau Statistics In- 
ternal Commerce for 1880 (pp. 160 and 184), the statement Schedule 
showing the receipts grain New York, canal and rail, from 
1871 1880, and Boston, Philadelphia and Baltimore from 1875 
1880, which shows how greatly the transportation grain rail the 
Atlantic seaboard has exceeded that canal since 1873. 

page 179 the Internal Commerce Report for 1880, find 
statement the number tons transported the New York 
State canals, the New York Hudson River Railroad, the New 
York, Lake Erie and Western Railroad, and the Pennsylvania Railroad, 
each year from 1855 1880,” 
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this statement ignores the distance that the tonnage was trans- 
ported, and open the objection including the same tonnage more 
than once when the statistics are kept divisions, have prepared and 
attached hereto, Schedule comparative tonnage- 
mileage,” tons carried one mile New York State canals, the New 
York Central and Hudson River Railroad, the New York, Lake Erie and 
Western Railway, and the Pennsylvania Railroad, from 1860 1881, 
inclusive.” 

This statement shows that 1860 the the 
three railroads was about equal, and amounted, the aggregate, 
little over three-fourths that the canals; that 1870 the three 
railroads averaged, each, about the tonnage the canals and thatin 1880 
they averaged, each, nearly double that the canals, the tonnage the 
latter being 1880 the largest they ever had. 

Comparing the aggregate ton-mileage the three railroads, find 
that was 


Increase per cent. over 1860. 


Evidently the condition this enormous increase 
traffic was the existence the products transported and demand 
for their transportation, and must look for the cause these condi- 
tions the improvement ‘population the producing States, the 
transportation facilities tributary these railroads, and some degree 
the foreign demand for our products. 

Grouping the States into three classes, 

New York, New Jersey and Pennsylvania, which the three in- 
dicated railroads lie 

The Northern Middle States, directly tributary these railroads; 

The Northwestern States and Territories, more remotely tributary 
thereto; 

find the population and railroad mileage compare for the 
three periods follows, viz.: (See Schedule C.) 
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POPULATION. Mites Rariroap. 
First—3 States... ..... 458 810 497 579 9709 13963 
Second—5 States....... 9124517 11207181 382 
Third—6 States, 


Total United 443 321) 558 371 152 52914 671 


The following shows the production grain 1869 and 1879, and 
the amounts exported the fiscal years ending June 30, 1870 and 1880: 


1869. 1879. 1870. 1880. 
874 320 000 547 901 790 115 169 877 
260 146 900 448 756 630 907 442 153 869 935 
527 900 639 460 157 606 754 
288 334 000 363 761 320 121 766 366 
652 200 283 100 255 490 128 923 
431 100 140 000 


491 412 100 437 482 300 219 368 258 119 883 
The following comparative statement other leading exports for 
the fiscal years ending June 30, 1870 and 1880: 


1870. 1880. 1870. 1880. 
Pounds. Pounds. 
Wheat flour, 463 333 011 419 692 666 202 283 800 
Corn meal, bbls..... 187 093 350 613 418 600 122 600 
Crude oil, 955 066 297 997 685 462 198 085 979 
Refined oil, 902 325 823 636 366 617 850 
Naphtha 604 411 044 535 624 110 466 264 
Lubricating oil, galls. .......... 162 835 721 262 
968 256 759 773 109 


185 748 881 215 910 187 

Total articles above enumerated...... 798 440 017 527 483 890 


Grain, bushels...... 20219368 038 181 064 


Total leading exports.............. pounds, 565 664 954 


The exports the articles enumerated show increase from 


715 374 pounds 1870 


The total exports the United were valued for the fiscal 


year ending June 30th, 1870, $392 771 697 
And for the fiscal year ending June 30th, 1880, at......... 835 638 658 


The exports breadstuffs, provisions and live animals compare 
value for the two years follows 


For Fiscal Years 1870. 1880. Increase. 
Breadstuffs............ $72 675 495 $288 076 835 $215 401 340 
283 143 127 043 242 760 099 
045 039 882 125 837 086 

$102 003 677 $431 102 202 $328 998 525 


Referring the exports these three classes, Mr. 
Poor, his Manual for 1881, enormous increase our 
foreign commerce, shown the annexed statement (above quoted), 
almost wholly the increased exports provisions and bread- 
the product that portion the country most distant from 
and which railroads have had their widest and most rapid 
will seen (from the foregoing statement) that 
increase (in value) exports $443 000 000, $329 000 000 was 
the products the Western States, these being almost 
due the construction railroads within them.” 


*Poor’s R, R. Manual for 1882, pp. IV and V. 
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The production cotton, anthracite coal, pig iron and Lake Super- 
ior iron ore compares follows 


For 1870. For 1880. 


114 592 761 252 646 660 
Anthracite coal—tons......... 182 191 437 242 255 051 
Pig iron—net tons........... 865 000 295 414 430 414 
Lake Superior iron ore—tons.. 805 389 288 480 483 


The production anthracite coal 1881 was excess 1880 over 

000 000 tons, increase wholly unprecedented. 
The movement cotton was, for the 
year ending August 350 416 bales 
Year ending August 134 004 bales 


The foregoing statements show clearly whence came the increased 
traffic, and remains the means which the great increase 
shown Schedule for the three leading railroads, 
was made, from movement 1870 of........ 682 603 465 ton-miles 
movement 1880 263 038 412 ton-miles 


The ‘‘ton-mileage” 1880 being three and eight hundredths 
times that 1870, and thirteen and seventeen hundredths times 
that 1860. 

The means which this rapid increase efficiency has been devel- 
oped may considered under two general heads, viz. 


Improvements the physical condition the railroads, such 


Improved track including bridge super- 
structure. 
Additional sidings, and second, third and fourth tracks. 
Increased capacity and strict classification locomotives. 
Increased capacity freight cars. 


Additions terminal facilities. 


Improvements the administration, such 
Improved methods signalling. 


* Report on Internal Commerce of U.S. for 1880, p. 187. 
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Running locomotives in, first out,” and running freight 
trains higher rates speed. 

Consolidation connecting lines under one management pur- 
chase, lease, amalgamation otherwise. 

Running freight cars through from point production tide- 
water without trans-shipment. 

10. Issuing through bills lading (or freight contracts) from West- 
ern points shipment Atlantic and European ports. 

These will referred their order. 

Good permanent way” the necessary foundation all suc- 
cessful and economical railroad management, and chief among the 
improvements the last years the general introduction 
steel rails. The discovery Henry Bessemer the pneumatic process 
steel making, with the addition spiegel-eisen suggested Mushet, 
improved and adapted for use this country the late Alex. 
Holley, Am. Soc. E., enabling steel rails manufactured 
cheaply iron rails can made from the ore, forms the very corner- 
stone” the great improvements which have taken place railroad 
efficiency. 

The importation steel rails (of crucible steel) was begun the 
Pennsylvania Railroad Company 1863, with trial lot 150 tons, and 
the manufacture Bessemer steel” (so called) was commenced 
1865, Troy, New York, and 1867 Harrisburg, Pennsylvania, both 
under the personal supervision Mr. Holley. 

Schedule attached, shows the number tons steel rails made 
this country during each year, compiled James Swank, Sec- 
retary the American and Steel 


will seen that there were made steel rails this country 


And that the total amount steel rails made the United States 


* Report of American Iron and Steel Association for 1881. 
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addition which there have been imported June 30th, 
about 000 000 net tons, all which, amounting the aggregate 
171 699 net tons, have been laid the tracks railroads the extent 
about 000 miles single track. 

Mr. Poor, his Manual for 1882,* estimates that the close 1881, 
104325 miles railroad completed, having 130 536 miles track, 
062 miles were laid with steel rail, being apportioned the five grand 
divisions the country follows 


Miles Railroad. Miles Track. Steel Rails— 
Miles. 
New England States.... 161 469 213 
Middle States.......... 984 771 127 
Southern States........ 005 966 688 
Western States, 227 808 623 
Pacific States, etc...... 948 522 


104 325 


130 536 062 
The difference between the mileage track now laid with steel, and 
the aggregate steel rails made and imported, represents the rails taken 

Much discussion has taken place the question whether steel rails 
domestic manufacture are equal the foreign made. Their equality 
has been pretty generally conceded since 1878, but their superiority has 
been demonstrated, least one case, the New York Central and 
Hudson River Railroad, where there were laid 1877 one thousand tons 
steel rails made American mill, and 1881 Mr. Dudley, 
running over the tracks that railroad with his ‘‘dynograph car,” 
which makes automatic record the surface and lateral alignment 
each rail, found, his surprise, pieces stretches track where the 
irregularities surface were much below the average, and every such 
ease the track was laid with the rails referred the balance the track 
being mostly English rails, many them laid subsequently, and all 
equally well ballasted and cared for. 

The adoption steel rails has generally led the use improved 
joints, better ballast, and more careful alignment and surfacing, accom- 


* Poor's Manual of Railroads for 1882, pp. XVI and XVII. 
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manent way” than when iron rails, requiring such frequent renewals, 
constituted the track. 

The Pennsylvania Railroad Company has added the finishing touch 
sodding their slopes cuts and making cement artificial stone 
ditches,” which are not filled detritus from the slopes every 
shower. 

wearing quality steel rails are greatly superior iron, they having 
lasted, under reasonably heavy traffic, from years. 
evident that their life function the tonnage and wheelage rather 
than time, and tonnage increases, their duration years must 
decrease proportionately. Enough known warrant the statement 
that with their use the cost track” and 
rails reduced from per cent. per ton-mile. 


The increase second track and sidings has been very marked 
the Middle States, where the railroads taken herein types efficiency 
are located. 

According Poor’s Manual, already quoted, they had track mileage 
follows December 31st, 1881, viz. 


Track Total 
Miles, and Sidings. Miles. 


Being average mile second track and sidings for each 
miles railroad. Some the railroads, notably the New York Central 
and Hudson River and the Pennsylvania, have laid third and 
fourth tracks, (using when they have four) two tracks exclusively 
for freight trains, thus permitting them move regular 
rate speed without detention from passenger trains. Such tracks are 
included above under the term track.” They add greatly 
the efficiency the railroad for freight traffic, and must gradually 


Manual Railroads for 1882, pp. XVI. and XVII. 


. > 
+ 
4 
1 
| 
| 
| 
| 


374 


extended freight traffic increases, particularly where the passenger 
traffic requires frequent trains. 

The capacity single track has probably nowhere received 
greater development than the Pittsburgh, Fort Wayne and Chicago 
Railway, where was made miles railroad, which but 74,4, 
miles were double track, and having miles sidings and yard 


Equal trains both ways over whole road 


over trains each way per day for 365 days, excepting working 
trains, which are calculated for 313 days. 


Increased locomotive capacity primarily due the introduction 
steel rails, making possible have heavy engines without rapid 
destruction track. 

rail has considered with reference its strength beam, 
enabling carry the moving load from point point support 
and its capacity resist the rolling friction the locomotives and 
cars, having tendency produce lamination and abrasion. 

material increase both these particulars, over iron was 
requisite before heavier equipment could adopted than that used 
1860. the Pittsburgh, Fort Wayne and Chicago Railway, 
under the management that eminent civil engineer and railway mana- 
ger, John Jervis, Hon. Am. Soc. E., was found advisable, 


* From Tenth Annual Report of Penusylvania Company. 

+ Experiments and tests made by the writer in 1877, when General Manager of the Edgar 
Thomson Steel Works, of the comparative transverse strength of iron rails (as then made, chiefly 
from old rails) with steel rails of like weight, appeared to warrant the conclusion that steel rails 
had at least double the transverse strength of such iron rails, due partly to the better disposition 


of the metal in the steel rails for strength as a beam, but mainly to the greater homogeneity 
of the material. 
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order preserve the track (of iron rails) from too rapid deter- 
ioration, adopt materially lighter equipment than had been previously 
used, and bought engines for freight service having cylinders 14x 
loaded cars and built cars weighing but 000 000 pounds, carry- 
ing 000 000 pounds load. This change proved immediately 
beneficial, and laid the foundation for the uninterrupted prosperity 
which the Pittsburgh, Fort Wayne and Chicago Railway has since en- 
joyed. the track was laid with steel and otherwise improved, the 
adoption heavier equipment became equally wise and proper, and the 
standard freight engine now built has cylinders inches, weight 
drivers 000 pounds, and draws loaded cars. 

the Pennsylvania Railroad, the standard freight 
engines had cylinders 18x22 inches, with drivers and inches 
diameter, weight drivers pounds (average weight each 
driver, 166 pounds), and pulled the dynamometer 500 000 
pounds maximum, very slow speed when just starting, and 
drew loaded cars the Pittsburgh Division. 

The present standard freight engine has cylinders 20x24 inches, 
with eight drivers, inches diameter; weight drivers, 400 
pounds (average weight each driver, pounds) pulls the 
dynamometer 500 pounds under similar those above 
named, and draws loaded cars the Pittsburgh Division. 

The following statement shows the average tons freight hauled 
freight trains the railroads before referred to, for various years from 
1867 1881 


Pennsylvania. 
nw 
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Showing increased average train load, follows 


New York Central and Hudson River Railroad, from 


New York, Lake Erie and Western Railroad, from 
Pennsylvania Main Line, from 1870 1881, of..... 
Philadelphia and Erie Railroad, from 1870 1881, 
Pittsburgh, Fort Wayne and Chicago Railway, from 


average increase about per cent., due improved 
manent way,” permitting the use improved machinery greater 
capacity, and more general back cars. 

the effect improved track engine repairs, suffice say 
that the Pennsylvania Railroad the cost repairs locomotives per 
100 miles run was— 


while the effective capacity the engines has been largely increased 
the meantime. 

strict classification locomotives, much greater efficiency 
reached with the same number. The Pennsylvania Railroad Company 
now has practically but two classes freight locomotives. 

Increased cars.—For many years, say from 1855 1876, 
the standard capacity freight cars was 20000 pounds, although much 
more was frequently loaded car. About 1877 few cars were built 
carry 000 pounds, and since 1879 the standard freight cars built 
for the principal east and west lines railroad have been constructed 
carry 000 pounds. informed that the Pennsylvania Railroad 
Company has ordered the construction some cars having 000 lbs. 
capacity. This increased capacity obtained using somewhat 


heavier car body, ‘‘cargo box,’ 


with slightly heavier axles and 
journals. The comparative weight standard Pennsylvania Railroad 
box car, with its load, 1870 and 1881, was follows, 
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Load 
Weight Weight Per Cent. 


The benefit both efficiency and economy cost from increase 
the proportion borne the paying load” the 
too obvious for comment. 

The following statement shows the average tonnage freight per 
loaded car the Pennsylvania Railroad and Pittsburgh, Fort Wayne 
and Chicago Railway for several years 


This average includes many cars only partially loaded with local 
freight the Pennsylvania Railroad has large local traffic, which 
shipped full car-loads, thus increasing their average load, which shows 
steady and commendable advance, due the increased use cars 
greater capacity. 


Increase terminal consist depots and yards 
for receiving, loading, discharging and delivering freight, yards and 
tracks for storing cars and switching, and floats and lighters for trans- 
fer cars and freight, grain elevators, stock yards, etc., which have 
been more than doubled the aggregate since 1870. The increase 
still going on, and the expenditure for additional terminal facilities will 


ment” account. 


Considering next the improvements administration, have 


Improved methods signalling.—The block system,” which has 
been use abroad for many years, was first adopted this country 
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large scale the Pennsylvania Railroad. consists division 
the road into sections blocks” from one five miles length, 
ing signal stations each end thereof, whereby but one train allowed 
upon any block one time, and following train forbidden enter 
block until the preceding train has passed the next signal station and 
the fact has been reported back. Freight trains are sometimes allowed 
follow the same block, under restrictions time, being kept 
five more minutes apart. 

complete system block signals absolutely necessary the safe 
and effective working crowded track, and the adoption the auto- 
matic electric signal, which blocks sub-blocks may made every 
mile half mile, will render railway travel much safer, and greatly in- 
crease the effective capacity the lines. 

The subject signals” and switches” has 
received much more attention England than this country, and the 
writer was told 1876 the North England (what 
call which was traversed 720 trains daily, aver- 
age train every minutes, day and night. The Metropolitan 
(underground) Railway London conspicuous example enor- 
mous traffic conducted with absolute safety under very unfavorable con- 


ditions the use complete system block 


Running locomotives First in, first out,” and running freight 
trains higher speed.—During the early history railroads, was con- 
sidered essential economy that freight trains should limited 
very low rate speed, and until recently they have been generally 
miles per hour maximum speed. 

The late Edgar Thomson, President the Pennsylvania Rail- 
road, his annual report for 1867, referring the proposed construc- 
tion low grade line for reaching economy freight traffic, said 
speed the freight trains should not average 
miles per hour.” When reflect that this but one-half faster than 
can walk, and that this speed nearly twice many engines and 
one-half more cars will needed than would required the traffic 
were moved average miles per hour, its adoption seems absurd 
and yet Mr. Thomson was high authority, and with the iron rail tracks 
and wooden bridges then use, high speed was very destructive the 
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superstructure. But with better and iron bridges, 
higher speed became possible, and freight trains are now scheduled 
from miles per hour.* 

Until quite recently, every locomotive had its regular 
and when slept the locomotive was idle. This was changed the 
New York Central and Hudson’ River Railroad some eight ten years 
since with but indifferent success, the adoption the rule first in, 
first for both locomotives and crews, that the next crew order 
takes the next engine order, and having many more crews than 
locomotives, nearly per cent. more service got from the latter, with 
less deterioration caused frequent alternations heating and 
cooling. 

The Pennsylvania Railroad Company, after carefully experimenting 
with their Middle Division, adopted for their whole line 1878, 
and the benefits this system were first shown its results 1879, 
will seen reference Schedule giving the average miles run 
per annum freight locomotives the Pennsylvania Railroad, and the 
average number tons freight hauled each from 1870 1881. 

shows the average all divisions— 


Per Locomotive. Miles Run. Average Ton-Mileage. 


—an increase mileage per cent., and effective service 150 
per cent., from 1870 1881. course, much this latter increase 
due the use more powerful engines and better cars, before 
stated. 


Consolidation connecting lines under one management.—This has 


changed wonderful degree the condition our system,” 
and greatly the improvement its efficiency. Where 1860 was 
rarely that 500 miles railroad were under one management, now from 
1000 3000 miles one organization the rule rather than the ex- 
ception. 


* The experiments of Mr. P. H. Dudley with his ‘‘ dynograph”’ car show that a speed for 
freight trains miles per hour requires less power and more economical fuel than 
slower rate of speed. 
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Schedule shows the length roads and the gross earnings 1881 
the principal systems, from which will seen that the 


systems controlled 10113 miles railroad, being 


per cent. the total mileage for which earnings were reported 


Poor’s Manual for 1881, and their aggregate gross earnings were 
$155 371 388, per cent. the total earnings reported for 1881 
while the systems indicated had 627 miles road, per 
cent. the mileage for which earnings were reported for 1881 and their 
aggregate earnings were $354 158 398, per cent. the total earn- 
ings reported. 

The amount negotiations, disputes, delays and general friction 
saved having but parties control these lines instead 100, 
can scarcely estimated, and this has been potent factor bring- 
ing about increased efficiency. 


Running cars through from point production tide-water without 
trans-shipment.—This has become quite general practice with ship- 
ments produced east the Mississippi River, and the products the 
States and Territories west the Mississippi are rarely trans-shipped 
more than once before reaching tide-water. Grain from Chicago and St. 


shipped all-rail, not only the principal cities the Atlantic 


seaboard, but the points consumption the interior all the Mid- 
dle and New England States. The delays incident trans-shipment are 
great drawbacks the effective use cars, and well the saving 
cost the avoidance these delays has transportation been facili- 
tated and railroad efficiency been increased. 


10. Issuing through bills lading from Western points shipment 
and European ports, making the transportation contracts 
definite the distant market, and providing basis for raising money 
the shipments, has greatly aided the development our export trade, 
and thus added railroad efficiency. now customary ship grain 
and other products from Chicago aud other Western trade centres 
Liverpool, Glasgow and other foreign ports, and the through rate for 
transportation being known, the quotation foreign markets regularly 
cabled becomes the basis daily transactions requiring railroad facili- 
ties for their consummation. 

With all the recorded increase railway efficiency, there still 
demand, during every busy season, for more transportation facilities; 
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from mine and mill, from quarry and field, the is, Cars! cars! more 
persistent has been this cry, from every quarter, and pitched 
every key, that not surprising that the railway managers have 
come mistake the collateral symptoms for the disease. The manu- 
facturer other producer realizes only that wants cars which 
load his product; its transportation destination does not much 
him, hence his cry for Yet the writer ventures the 
opinion, and not for the first time, that what needed not much 

Freight blockades have been much more common late than they 
were ten years ago, and they indicate clearly that the cars are excess 
the facilities for their movement, whether engines, tracks, yards 
other terminal facilities. 

While the increase these must continue, the advances most 
needed are mechanical details and methods administration, 
looking obtaining larger average mileage from the freight cars 
use. 

Just the reiterated demand for cars leads the conclusion that 
the building additional cars will remedy the complaint, so, when 
blockades occur, the railway managers are led conclude that more 
yard tracks will remedy that evil. man with aggravated dys- 
pepsia, finding his system suffering from lack nutrition, should take 
more food; and then, having his stomach uncomfortably full, should 
that needed more stomach. 

blockade freight traffic indigestion, and the remedy not 
more cars, but less not more tracks stand cars on, but 
less standing cars. When cars trains, moving the main tracks, 
they seem disappear, and cease cause embarrassment; and 
that direction lies the remedy. 

remains, then, consider what needed apply the remedy and 
make efficacious. 


proof the statement that the greatest defect the movement, 
will adduce the following facts, showing the decrease their average 
movement that has taken place since 1868 and 1876. The facts this 
regard are not easily accessible, many railway companies keep 
record freight car mileage; many those that keep such record make 
separation the mileage their own from that foreign cars 
while but few make any mention their reports. 
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the courtesy the officers the Pennsylvania Company, 
enabled present the following comparison average miles run 
cars owned that company, they having furnished with the data 
for the mileage Pittsburgh, Fort Wayne and Chicago Railway Com- 
pany cars during the twelve months ending June 30th, 1882, and their 
Union Line cars 1876 1882, while from report made myself 
while connected with the Pittsburgh, Fort Wayne and Chicago Railway 
get the data for 1868. 


During 1868: Average, 923 miles. Per secular day, 47.67 


This decreased average mileage the face better facilities 
important respect for making increase for 1868 the Pittsburgh, 
Fort Wayne and Chicago cars were not run east Pittsburgh, while 
since 1870 they have been run the Atlantic seaboard cities, giving 
them maximum runs nearly double the length those 1868. 


1876: No. cars, Average miles, 811. Per secular day, 88.85 
1877: 800. 668. 
1878: 828. 672. 78.82 
1879: 052. 904. 79.57 
1880: 689. 359. 61.85 
1881: 843. 788. 53.64 

These figures show that during 1877, and when the number 
cars remained nearly stationary, the average mileage did not change 
materially, while with the steady increase the number cars from 
1880 1882 there isa more than correspondingly decreased average 
mileage. While the number cars the years 1879, ’80, and 
were respectively 1.16, 1.44 and 1.49, the average miles run per 
secular day 1879 bore that 1880, and respectively, the 
proportion 1.29, 1.48 and 1.77 

not, however, inferred that these facts indicate cause and 
effect exactly, but they indicate that from some cause, which must 
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remediable, the average movement cars has decreased more rapidly 
than the average number has increased, that the case the Union 
Line the aggregate miles run 1879 with 052 cars greater than the 
aggregate movement 1882 with 041 cars, estimating the movement 
1882 the basis the figures given for eight months, 

1879 052 cars made mileage of......... 100 911 133 
estimated mileage 752 667 


- 


Increase cars 011. Decrease 158 466 


claimed the officers some the railroads engaged the 
movement these cars that the decreased movement due mainly 
two causes, viz.: 

The greater extent which Union Line cars are used local 

The use the cars transporting coal and coke westward; 
whereas they formerly ran westward empty. 

That both these causes have operated the effect 
referred cannot doubted; but they not and account for 
all, nor nearly all, the decrease. 

1868 the mileage empty cars the Pittsburgh, Fort Wayne 
and Chicago Railway was but 17.4 per cent. the total car mileage, 
and 1881 had been reduced 13.2 per cent.; but 1868 the local 
traffic the Pittsburgh, Fort Wayne and Chicago Railway was done 
almost wholly Pittsburgh, Fort Wayne and Chicago cars, while 
1881 much was done Union Line and other cars. Yet the average 
miles run Pittsburgh, Fort Wayne and Chicago cars decreased 
since 1868, stated, per cent. Again, this decreased movement has 
arisen the face greatly increased capacity locomotives, greatly 
increased average movement locomotives, and greatly increased 
demand for transportation. what, then, the great decrease due, and 
how remedied, that the average movement all freight 
cars shall be, can and should be, least fifty (50) miles per day, 


and cars,” such the Union Line,” least seventy-five (75) 


miles per day, what propose show, under the following heads: 


Ist. The for more main tracks, which can met gradually 
the extension sidings and the building sections additional 
main tracks. This generally appreciated the officers the trans- 
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portation departments and receives attention the financial condition 
the company admits. 

2d. need that more frequently neglected that more locomo- 
tives. course, much more can done with the existing motive 
power most railroads adopting the system running now used 
the New York Central and Hudson River and Pennsylvania Railroads, 
hereinbefore detailed, whereby the average miles run locomo- 
tives can increased from per cent. But upon many 
railways the number cars largely excess the motive power 
capacity for their economical movement. careful investigation 
the car capacity, compared with the engine capacity, would show 
that some companies could afford sell cars and buy engines with 
the proceeds, for manifestly when cars are excess they only 
embarrass the movement such could otherwise have been 
moved promptly. remember case, within personal knowledge, 
where the general manager railroad which had excess loco- 
motives, but deficiency, ordered ten (10) engines and one thousand 
freight cars. The capacity each engine was haul about 
twenty (20) cars, and each engine averaged 100 miles per day 
(31 300 miles per annum, which large mileage for freight engines) 


Engines. Miles. 
the aggregate car mileage capacity was 000 


Car Miles. Cars. 
car miles per day. Now, miles per car per 


that the engines provided for average movement miles per 
day for the 1000 cars. engines then cost about each, and 
cars, say, $600 each, the money expended was, say, 


For engines $10 000 $100 000 
For 000 cars $600 600 000 


Assuming movement miles per day possible and reasonable, 
this amount money could have been expended much better 
advantage the purchase 

engines $10 000 $200 000 
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Engines. Miles. Cars. 
Then 100 car miles per day, 


Car Miles. Cars. 


and 000 800 miles per car per day, 
whereas the case cited, 400 cars were sufficient economically 
employ the engines purchased, not only was the expenditure for the 
additional 600 cars waste, but the cars themselves had stand around 
yard tracks and sidings, requiring additional switching engines 
handle them, and impeding and thereby lessening the possible move- 
ment the 400. 


3d. The increased movement cars will require more which 
will make necessary for trains follow more closely. 

some parts the Pennsylvania Railroad double trains are run, 
sometimes with two locomotives front, and sometimes with one each 
end. economical some respects, but open the radical 
objection having two persons control with equal power, with all 
its attendant evils and while one may nominally command, much 
mischief may be, and often is, done before his designs intentions can 
communicated the other. not believe that, the whole, 
economical desirable. 

What wanted 


(a.) good automatic signal system, whereby short blocks,” oper- 
ated the trains themselves, may used for freight trains keeping 
them least one mile apart when running full speed. 


good train brake for freight trains, nearly automatic pos- 
sible its action. 

Such brake, combined with automatic block signals, would make 
rear collisions absolutely indefensible, and almost impossible. 


4th. The making trains the point where cars are loaded, and 
the terminal stations where cars are received from other railroads, 
capable being greatly improved. all such points the cars, 
brought into the train yard, should thoroughly assorted and classi- 
fied but that one would needed separate all the cars for any 
one destinution from the others. The rule rather, far the writer’s 
observation that the cars are made into trains they come 
into the train yard, and the train has over” every suc- 
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cessive yard” detach the cars that belong there that 
thence local train. 

Designating the destination cars the letters etc., com- 
pare two trains twenty cars each, made follows 


The first indicates such train usually made the second repre- 
sents the same train made facilitate movement. This improve- 
ment perfectly feasible, and, strictly followed, would greatly facili- 
tate the movement trains, and therefore increase the movement 
cars. 


5th. The detention cars and private sidings promi- 
nent cause the small average car movement. can only remedied 
reasonable but adequate charge. The charge 
per day, set forth penalty for car detention many railroads, 
tually collected. this, other infractions law, the certainty 
and not the severity the penalty that tends prevent the violation. 

Low rates transportation, coupled contract with invariable 
charges for demurrage, reasonable amount, but certain collection, 
will solve this difficulty, and other remedy known the writer will 
effect its correction. 


6th. probable that the greatest loss from the non-movement 
cars results from their absence foreign railroads. Not only many 
railway officials allow foreign cars” used systematically their 
local traffic, but they allow them stand sidings and yards, and 
good any one. coal company owning 100 cars recently found 
but them its own trade the remaining had been absent from 
week two months, and one was found furnace yard loaded with 


ore placed nine weeks before! investigation made the writer 
1869 showed that the cars the Pittsburgh, Fort Wayne and Chicago 
Railway absent other railroads March and October, 1868, had made 
average mileage, while absent, miles per day, for which 
the Pittsburgh, Fort Wayne and Chicago Railway Company then re- 
ceived cents per mile, the munificent sum cents per car 
per day. The rate mileage” has been since reduced, first one 
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cent, and then three-fourths cent per mile run, that the 
present basis the company would receive for similar mileage cents 
per car per day. statements show generally decreased move- 
ment cars, not likely that the present average movement, when 
foreign railroads, equals that found for 1868. 

The only effective way bring about prompt return cars the 
railroad the company owning them, make the interest the 
foreign company having them return them their owner, which 
manifestly not under present regulations. 

This can best effected per diem charge for cars when foreign 

This idea not new, and the writer does not claim his 
has been repeatedly discussed railroad conventions, and they have 
decided against it—not the ground its inherent injustice, any 
difficulty its application, but simply because the conservatism the 
railway managers, and lurking fear that all did not adopt it, those 
that did would discriminated against, favor the lines that adhered 
the old system. That its adoption leading line, like the Pennsyl- 
vania, would result much more than compensating advantages, have 
doubt, and that would speedily followed other lines feel 
little uncertainty while its adoption the per- 
fectly feasible, and would success from the outset, greatly their 
advantage. 

There other business that know which the use millions 
dollars worth property entrusted the owners others, with 
liberty use much little they choose, pay for its posses- 
sion only the basis its actual use, and account for its use without 
check record being kept its owners yet such the case with the 
interchange freight cars. One the advantages this proposed basis 
settlement for ‘‘car service” the facility with which the accounts 
can kept. Every junction intersection becomes clearing house 
where kept the number cars received from and delivered the con- 
necting road each day, and the balance, added deducted from the 
previous day’s balance, gives the number cars with which the connect- 
ing road debited credited for the day, the rate. 
will probably conceded most railway officers that the 
diem” basis the most equitable, but the important question arises— 
what shall the rate? this unhesitatingly answer, the rate should 
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fixed from time time, perhaps every years, the basis 
the average economic value the cars use their owners. 

economic value,” mean the average capacity cars 
make net when properly handled, there being 
apparent why the owner car should let another for less 
than its value its owner. 

must apparent that this value will vary from time time with 
the varying circumstances, such 

Average capacity cars. 

Average rates obtainable for traflic compared with its cost. 

Average movement cars. 

the question, what the present economic value” the aver- 
age cars use, reply follows, viz. 

Taking the actual traffic, mileage and earnings the most prominent 
parts the Pennsylvania Railroad Company’s system for 1881, and as- 
suming the average miles run cars the three lines 37} per day 
(approximately that the Pitsburgh, Fort Wayne and Chicago Railway), 
the value each car per day will shown its average daily net earn- 
ings follows 


> > . le 
1881. Penn. Ry. Ry. 
Loaded car mileage...... 216572 441 096 632 292 500 
Total 1., 325 180 607 114 066 279 458 148 
Total ton-mileage 438 044 447 161 401 946 112 
Average tons per car tons tons tons 
Net earnings per ton per mile cents cents cents 
Netearnings $1.11 $1.10 $0.76 


* This average differs from that shown in the company’s reports, being an average for all 


cars pen loaded and empty, while the average load reported by the companies is of the loaded 
cars only. 
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The much greater the Pennsylvania Railroad and Pittsburgh, 
Fort Wayne and Chicago Railway would make the actual average over 
per car per day, even the low average movement miles per 
car per day, and with the low average tonnage per car. 

When consider the present average car capacity least 
tons, and say per cent. loaded mileage, with estimated 
movement 37} miles per day, and net earnings cents per ton 
per mile, would have the economic value each car per day, 
Tons. Average Tons. Average Miles, Cents. 

average freight car probably between and 
per day under existing circumstances, and will justified 
assuming that per day would low rate could reasonably 
fixed charge for demurrage, and for the use cars when foreign 
roads. 

will objected this rate that amounts $26 per car per 
month, which much more than fair interest the cost car, plus 
the cost maintenance, and that cars can hired for $15 per month. 
this reply that— 

Cars cannot hired for $15 per month, returned the 
next day, next week, the pleasure the party hiring them, 
foreign cars are returned. 

The interest cost, plus the cost maintenance, proper 
criterion. 

having cars, when cars are demand, does not wish and 
should not obliged provide cars this basis for its less provident 
neighbors. has wheat, when demand, and can get 
$1.50 per bushel, answer his demand for that price for 
say that cost but cents per bushel grow it, that can get all 
wants next season for cents per bushel. 

The company that has providently secured adequate supply 
cars entitled their use its value. 

may further objected, that railway companies will not take cars 


from other companies the basis paying for their use all that they 
could earn net. 


this reply— 
Tuat the average mileage upon which the rate $1.00 per day 
based, low and can easily greatly exceeded, prompt handling, 
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except cases where the terminal road has very short haul, and that 
the primary object secured prompt handling and quick return 
cars. 

cases where terminal roads have short hauls, they can best 
compensated terminal charge, which now done universally (as 
understand) New York. will necessary, the near future, and 
will certainly more equitable, allow terminals all cases where 
traffic passes over two more railroads. 

the further question, whether propose that the owners 
private cars compensated for their use upon the same basis, would 
answer—Yes! far the principle per diem rate concerned, 
and No! regard the The governing circumstances are 
different, that one-half the rate per day allowed for the use foreign 
railroad companies’ cars would probably fairly equitable. 

The adoption the per diem rate will any company whose 
traffic large and whose lines are scattered over large district 
covered most the leading systems, and that will tend increase 
the movement freight cars very apparent. 

The president prominent railroad said the writer over year 
since, that the more cars they got the less mileage they averaged, and 
that the only consolation had was that his neighbors did not ‘‘do 
well” did. think should have said that his neighbors 
worse,” than he, neither them could said, the light the 
above facts, have done well.” 

This consolation that does not console 

must not inferred that because have made statements 
from, and based arguments on, the traffic and car movement the 
Pennsylvania and Pittsburgh, Fort Wayne and Chicago Railway, and the 
Union Line, that their record worse than that other leading rail- 
ways the contrary, believe equal the best, and better 
than that most the railroads the country their facilities are cer- 
tainly superior most their competitors, and their administration 
certainly equal any. 


If, then, these things true the best our railway lines, what 
must the facts upon those less advanced facilities and administra- 
tion? would certainly justify postulate, that wanted 
not more cars, but more movement cars.” 
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SCHEDULE 


Statement showing Receipts Grain New York Canal and Rail, 
1871 1880, and other ports Rail, 1875 1880.* 


At New York. 


YEARS. 


Bushels. 


493 
724 
495 
470 


857 855 


735 
356 176, 


1877....... 

63 905 872) 
1879...... | 406 
1880.......| 71 


Rail. 
Bushels. 


Total 
Bushels. 


Bushels. Bushels. Bushels. 


At Phila- | At Balti-| 
Boston. delphia. more. 


021 830 


586 


567 570 


387 573 


54 089 100 
59 047 953 
50 892 967 
85 350 079 
101 929 243 
95 414 822 


549 323 
310 194) 
063 490 
101 827 834 
946 985 
949 252 
103 313 782 


152 862 170 
158 973 649 
166 504 637 


321 063 
753 698 
457 
291 781 
500 829 


37 091 004 


| 
| | 

Total 
Rail 


Bushels. 


310 185 276) 
420 346 470 
474 075 240 
398 799 926 
102 688 920 813 


153 297 492 
134 875 439 
205 191 750 
248 628 453 

242 529 327 


* From Report on Internal Commerce of United States for 1880, pages 160 and 184. 
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SCHEDULE 


Statement Comparative ‘‘Tonnage Mileage,” Tons carried one 
mile, New York State Canals, New York Central and Hudson 
River Railroad, New York, Lake Erie and Western Railway, and 
Pennsylvania Railroad, from 1860 1881 inclusive. 


YEARS. Canals. 

809 524 596 
863 623 507 
1 123 548 430 


1 034 130 023 


871 335 150 
843 915 779 
ree 1 O12 448 034 
958 362 953 
033 751 268 
919 153 611 
904 351 572 
1 050 104 125 


1 048 575 911 


1 057 711 089 
938 774 141 
727 597 364 
570 969 064 
857 305 563 
937 789 464 
1879..0000.. 962 908 600 


1 223 599 087 


+ 503 498 886 


New York State 


New York Central New York, Lake 
Erie and Western 
Railway. 


and Hudson 
River R.R. 


* 199 231 392 
237 397 974 
296 963 492 
312 195 796 
314 081 410 
264 993 626 
331 075 547 

* 362 180 606 
455 046 715 
589 362849 
769 O87 777 
888 327 865 

1 020 908 885 

1 246 650 063 

1 391 560 707 

1 404 008 029 

1 664 447 055 

1 619 948 685 


2 042 755 132 


2 525 139 145 


2 646 814 098 


* From 1860 to 1867, New York Central only. 


+ Eastward traffic only. 


t Includes Branches and P. and E. and, after 1871, United Railways of New Jersey. 


Pennsylvania 
Railroad 


214 084 395 


214 162 018 


251 350 127 


280 262 522 


351 092 285 


376 195 127 


403 870 861 


393 746 258 
422 013 644 420 627 222 


388 557 213 


420 060 260 


513 102 181 


549 888 422 565 657 813 


595 699 225 675 775 560 


817 829 190 $927 714 156 


898 862 718 1 014 652 970 


897 446 728 1 244 328 216 
950 708 902 1 622 029 044 


1 032 986 809 1 870 537 537 


1047 420238 | 1916 726 942 


1 016 618 050 2 026 228 116 


1 040 421 921 2 221 693 427 


1 114 586 220 2 086 659 438 


1 224 764 438 2 368 330 428 


1 569 222 417 2 974 925 881 


1 721 112 095 3 239 482 798 
1 984 394 855 3 631 829 459 


= = 
2 295 827 387 
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SCHEDULE 


Statement showing Population and Miles Railroad States 
Territories, three groups, tributary the three lines Railroad 


whose ton-mileage has been given, for the years 1860, 1870 and 1880. 


1860. 1870. 1880. 1870. 1880. 
| | 
q 


Total—3 458 985 806 |10 497 579 9709 


Minnesota........... 172 023 439 706 780 806 092 108 
Total 630 321 963 279 27993 680, 33299 444 
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SCHEDULE 


Statement Steel Rails Manufactured and Imported into the United 
States December 31, 1881. tons pounds. 


From Report James Swank, Secretary Iron and Steel Association. 


Tons MANUFACTURED. 


Tons Imported. Totals, 
Open Hearth Bessemer 
Steel. Steel. 
070 149 786 243 856 
§ 129 015 159 57 288 586 
144 944 100 515 245 459 
432 169 432 204 


* Prior to 1872, steel rails imported were reported as iron. 
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SCHEDULE 


Statement Average Miles run Freight Locomotives, and average 
number Tons Freight hauled one mile each Freight Locomo- 
tive Pennsylvania Railroad, from 1870 1881. 


| AVERAGE Tons HAULED ONE MILE 
AVERAGE MILEs Run BY FREIGHT LOCOMOTIVES. 


Pennsyl- \Unitea N.J.|Phil. & Erie Average on P. R. U. R. RP. & Average 

1872 22 568 23 O77 | 21 607 22 328 HT 2.6 2.1 26 2.5 
1874 22 268 17 715 15 731 20 374 | 2.7 4.9 2.4 2.5 
1875-23. 224 15 954 | 14 878 20 498 2.9 1.6 | 2.5 2.6 
1876 24 600 17 194 | 15 205 21716 «|; 3.2 1.8 | 2.7 2.9 
1877 20 610 18 768 14 066 19245 || 2.8 2.0 | 2.6 ; 2.7 
1878 20299 | 18960 19 502 20 000 | 3.1 2.0 3.9 3.0 
1879 25240 | 21990 22 705 | 24355 || 4.3 2.8 5.3 4.2 
1881 29 297 28 259 18 747 | 27 644 | 5.4 3.9 5.0 | 6.1 


System running locomotives in, first out,” adopted 
effect first shown 


5 4 
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SCHEDULE 
Statement showing Length Roads and Gross Earnings 1881 
Thirteen Systems Railroads. 


MILEs. Gross EARNINGS, 
New York Central & Hudson River............. 3 eee $29 322 532 
Lake Shore & Michigan Southern.............. +» 17880 000 
Camada Gouthere. cccccce 3 369 259 
Michigan 950 8 800 486 
Total New York Central System.......... | $59 372 277 
New York, Lake Erie & 2U 715 605 


Pennsylvania Eastern 3041 |........ $44 224 716 


Total Pennsylvania 75 283 506 
Total, Three Trunk Lines........ 10.5%, % | 10 113 $155 371 388 
Wabash, St. Louis & Pacific.... 14 467 790 
Chicago, Burlington & Quincy...... 21 176 455 
Illinois Central 733 954 
| | 
—— 785 27 728 441 
Louisville & Nashville Railroad, and Lines | | } 
OWNED DY... 1438 | 
$10911 650 | 
Tames 434 | 
Louisville, Cincinnati & Lexington...........0«| 272 os 1196 112 
Union Pacific, 1821 ........ $24 258 817 | 
Total Thirteen 44627 $354 158 398 
Total of United States in 1881, of which 
Earnings 94486 miles. | 725 325 119 
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RAPID METHODS TOPOGRAPHICAL SURVEYING. 


SEPTEMBER 1882. 

The object the survey referred the present paper was pre- 
pare map, the scale inches the mile, portion the 
gold-field lying along the Atlantic coast the Province Nova Scotia, 
together with plans the mining districts the scale 500 feet 
The region consists series slaty rocks set edge and 
running east and west while the direction all the principal streams 
and longer lakes north and south. This makes the topography com- 
plicated and the amount detail very great. Lakes are 
and the ground hilly between them, although rarely rises height 
more than 300 400 feet above sea-level. The river valleys are 
usually wooded and many places the streams form long and narrow 
pools, which wind through swampy thickets willow and alder. These 
are known The uplands consist rocky ridges and 


masses loose rock, mostly overgrown with scrub and thickets. 


lakes seldom have any beach, but are sometimes surrounded peaty 
swamps, and sometimes shores loose rock. There are settlements 
places and few mining villages. Two lines road run through the 
region surveyed, one along the shore and the other further inland, par- 


allel and there are few cross-roads. The only map which existed 
was the scale miles the inch, showing the roads, with the 
houses along them, with tolerable correctness. The principal lakes and 
streams were sketched their position relatively the roads, without 
any attempt accuracy detail; and some the more prominent 
hills were indicated. 


| 
{ 
4 
i 
| 
{ 
al 


398 


The use the chain the survey country this nature would 
have involved the expenditure amount time altogether unjusti- 
fiable. was therefore decided employ stadia hairs and the Rochon 
micrometer telescope for the measurement distances, the only prac- 
ticable methods under the circumstances. taking advantage the 
directions the roads and principal streams, was divide 
the into network quadrilaterals, with sides about 
miles length. Along these sides the main lines traverse were run 
and thorough check the work was thus obtained. These traverses 
were afterwards worked out latitude and departure, fix the posi- 
tions all the principal points. 

The instrument principally employed was 6-inch transit theodo- 
lite, American pattern, with vertical circle and 4}-inch compass 
was fitted with stadia hairs, and used with Sopwith leveling-rod 
The telescope was inches focal length, with erect- 
ing eye-piece magnifying and the stadia hairs consisted 
horizontal spider lines, unequally spaced, the larger interval 
being calculated correspond 100 feet distance for each foot in- 
tercepted the rod. Practically, this larger interval was almost ex- 
clusively used. The smaller one was intended for longer sights, and 
often proved useful when the rod was partly obscured intervening 
objects. using the instrument the central horizontal hair was set 
even foot the rod, and the reading one the outer hairs 
observed. this way the levels were readily carried along with the 
work when desired, being only necessary note the reading the 
vertical circle. From optical point view would have been pref- 
erable take the readings hairs equally distant from the axis 
the telescope, the central and outer hairs were not always equally 
distinct. This would best avoided having lenses the telescope 
which would give perfectly field, the use the outer hairs 
would entail additional trouble reducing the levels, still more 
loss time taking third reading the central hair when 
levels were required. With spider lines, the vertical hair necessarily 
thrown out the plane the others the amount their thickness, 
which prevents their being brought into focus the same time. 
damp weather they were also found become slack and wavy occasion- 
ally, which was fatal accuracy and involved loss time. These 


inconveniences would avoided the use lines ruled glass 
diaphragm, 


The angular values the spaces between the horizontal hairs were 
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determined direct measurement. The instrument was set 
level piece ground, and the distance the anterior focus the 
telescope from the centre the instrument (13 inches) was first meas- 
ured the ground from the From this zero point 
line was carefully chained, and observations taken the rod from 100 
feet along it. this way, the readings obtained were propor- 
tional the distance from the zero point, within the limits observa- 
tion and the average gave very close and satisfactory value 
basis for the calculation tables. With this datum, the distances 
the rod from the anterior focus, corresponding few leading values 
the length intercepted between the hairs, were first calculated 
and the intermediate distances, for every 100th foot between 0.30 
foot and feet, found interpolation. was then only neces- 
sary add constant value (13 inches) each have the true distances 
from the centre the instrument ready enter the tables. sup- 
plementary table containing the percentage deducted for slopes 
10° was also prepared. was not thought necessary combine this 
with the other table and practice slopes were neglected 
reducing for horizontal distance except long sights. 

The micrometer telescope was double refracting one Rochon’s 
principle, with vernier reading seconds, and range from 
minutes. was used with pair discs set feet apart. test its 
accuracy, was carefully chained over mile length along 
straight portion railway track, and double series observations 
taken it. These showed that the index error varied along the instru- 
ment approximately constant ratio. graphic method was made 
use average the results the individual observations the correc- 
tion each point was thus obtained, and applied the true values 
the angle subtended the discs within the limits distance which 
was intended use the instrument. 

The methods employed enabled the party the field reduced 
much below the usual numbers. The author found that with the assist- 
ance Mr. Archbald, Jr., and one two men, according 
stances, the work could carried on. all the ordinary 
the theodolite leveling rod were employed. Both 
roads and following streams was found more expeditious take 
sights 200 400 feet, than spend time clearing longer sight 
lines. The instrument and rod were moved forward alternately 


leveling, and was found sufficiently accurate read the bearing 
directly the end the compass-needle the nearest degree. 
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The same end the needle was used throughout the work, and 
the instrument was also set determining the magnetic variation, which 
was done several points the region surveyed. The instrumental 
error was thus eliminated far possible. The roads, rule, were 
not more than feet wide, and wooded along the sides, and every 
bend the view was intercepted while places the country was more 
open, and several intermediate sights could taken. Asa back-sight 
and fore-sight were taken from each station, the number sets-up 
the mile was usually 10; and without levels intermediate 
sights the rate advance was nearly mile hour. road-work, 
which required the most care, miles could easily done 
day, including levels. traversing stream, points its bed were 
chosen when practicable, the line the stream itself was usually the 
most open and much cutting was also avoided sighting across the 
ponds met with its course. The great advantage stadia measure- 
ments over chainage was here very obvious. length miles 
this class work could The smaller lakes, under 
mile long, were also surveyed stadia measurements when 
was possible walk round them otherwise, their shape was deter- 
mined bearings from two points the traverse any prominent 
trees other objects the opposite shore. the traverses 
secondary importance, prismatic compass and ranging-pole were tried, 
distances being taped. This was found expeditious the denser 
thickets, much less cutting was required the sight lines; but 
when still waters small lakes were met with, corresponding amount 
time was lost compared with stadia measurements. The form 
note-book used the stadia work shown below 


| 
Station. Pearing. Reading. | Hairs. Vertical. Distance. 
8.7 Large. 
5.74 Large. 
8.45 Large. 
6.26 Large. 


Large. 
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the page opposite, sketch the traverse was made, with the 
topography either side, and notes the character the country. 

aneroid for the measurement levels would have been little 
service. Levels were most importance the vicinity lines 
watershed, show which basins the various lakes met with belong, 
and the probable outfall lake indicated the levels the 
streams crossed approaching it. Differences level under feet 
were the most consequence. contoured map was not contemplated 
but the relief the country indicated lines hill-marking, each 
therefore, necessary make the levels continuous over the whole region. 
the extent each the mining districts which plans were 
made, the levels were connected, order indicate the amount 
head for milling purposes afforded the various lakes. The levels 
were reduced from the fore and back sights, and the reading the 
vertical circle found the field notes. For this the following form 
was used 


SIGHT. 
Back SLOPE SIGHT 


Sight. j Distance Vertical. | Sight. 


+0° 


+0° .... 3.00 


surveying the larger lakes, the was set 
manding position and adjusted azimuth till the vernier and compass 
needle were simultaneously zero, and the micrometer telescope was 
placed beside alight tripod. The assistant went round the shore 
the lake boat, and held the staff bearing the discs vertically all 
important points, giving finally turning point which remained 
while the boat returned take the instruments their next position. 
From this back sight was taken the turning point, and intermediate 
sights before, till the next turning point was reached. The bearings 
were read the vernier the nearest minutes, this corresponds 
with the limit accuracy with which the instrument could set the 


; Si 
Rise. Fall. 
| | 
6.00 13.3 
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magnetic meridian. The diurnal variation, which the extreme value 
was minutes, was also neglected rule, although was sometimes 
taken into account comparing the results the latitude and de- 
parture calculations. taking observations for the magnetic variations, 
time day was chosen which the needle was its mean position 
and observations days magnetic storms were thrown out. 

The sights taken with the micrometer telescope ranged from 600 
000 feet. Although reading seconds, was found impracticable 
discern differences less than seconds angular value, except under 
unusually favorable circumstances. The sights the turning points 
formed connected traverse, and their length was kept much pos- 
sible between the limits and feet. feet difference 
seconds corresponds feet the length the sight, and 
feet, which latter the plotting but the 150th 
inch. The atmospheric refraction being unequal the case the two 
was source error, especially the longer sights. Its amount 
was not determined, although certain states the atmosphere was 
quite perceptible. This could, however, avoided holding the dise 
staff horizontally. 

The micrometer telescope presented several important advantages. 
When landing from the boat was difficult, was usually the case, owing 
the the lake shores, the staff was held the edge 
the boat; and although the waves communicated slight vertical 
motion it, this caused inconvenience taking the observation, 
the images the moved together just they would viewed 
through sextant. turning points landing was essential 
considerable amount time was saved avoiding the intermediate 
points. The telescope being laid freely trough-shaped support 
its tripod could rotated axially, making the images the discs pass 
horizontally over each other, which enabled their coincidence de- 
termined with precision. the other hand, some light was lost 
passing through the double refracting prism, which was source in- 
convenience dull weather. short sights the largeness the 
angle and consequent obliquity the light from the two discs made the 
images indistinct but this was largely compensated the fact that 
angular difference was less importance compared with the length 
the sight. sights under 600 feet, the angle had measured 
the vertical circle, unless the rod was hand the distance obtained 
this way was uncertain within per cent. For these reasons, sights 
under 1000 feet were avoided the through traverse. The form 
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note-book used for the lake surveys was the same before, the reading 
the micrometer telescope being entered the third column. the 
opposite page diagram the sights taken was kept, and note-book 
was also kept the assistant which the form the coast line between 
the points sighted was sketched. 

lake moderately regular shape miles length could sur- 
veyed days. Where arms and islands were numerous, the 
time was proportionately longer. considerable amount skill was 
called for the choice stations, and taking advantage the direc- 
tion the light and character the weather. 

The principal summits around the lakes could readily fixed 
position and altitude bearings and vertical angles from any two 
Any prominent tree rock that could kept view served 
for this purpose. The intervening hills were sketched. 

Much thought was bestowed the writer devise plan which 
the instruments for such surveys these could combined into one. 
micrometer telescope mounted with horizontal and vertical circles 
would not serve even for lake work alone, would not suitable for 
taking bearings, and its length would make the instrument unsteady 
windy weather. instrument the character the omnimeter, re- 
quiring separate reading the discs, would take more 
time than the micrometer telescope, and would lose its principal 
advantages would also much too cumbrousin its manipulation-for 
ordinary traversing. telescope with divided object-glass, the 
principle those used astronomical observatories for measuring the 
diameter, mounted theodolite stand, might made 
serve all purposes. order secure the advantages already referred 
to, would require capable being rotated axially and could 
also with stadia lines. The practical disadvantage such 
would its complication, and the number delicate parts 
which would exposed injury. For work varied character 
that referred to, the most serviceable instrument ordinary 
theodolite, adapted for stadia measurements, and combining lightness 
with strength its construction. 5-inch circles reading minutes 
would sufficient and both circles should covered, protected 
guards, otherwise they soon become The compass box 
should circular, and the needle not less than inches length. 
for the cross-hairs and diagonal eye-piece are also desir- 
able where the magnetic variation has determined. The heads 
the screws adjusting the cross-hairs should protected shield 
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prevent the adjustment being lost dragging the instrument through 
thickets. separate telescope, either double-refracting with 
divided object-glass, the most suitable for the measurement longer 
distances. The rod should feet long, divided into feet and 
hundredths, and should hinged the middle, the two faces folding 
together for protection; and the attached the back. The 
ordinary Sopwith rod after season’s use was found require repairs 
the amount $5.50. 

five months field-work region 180 square miles extent 
was surveyed, including nearly 100 lakes from miles long down- 
wards, besides roads, streams and hills. The wet days were employed 
reducing stadia and micrometer measurements, and calculating 
latitude and departure. The accuracy the work was well tested 
these calculations. was found that the traverses around the sides 
the quadrilaterals into which the country was divided, would 
close within area feet radius the ground, although 
some instances the error was greater. Part this error was due the 
fact that the larger lakes were included the line the principal 
traverses, and that the measurements taken with the micrometer 
telescope were found have tendency exceed the stadia measure- 
ments between the same points. This doubtless arose from residual 
error remaining the corrections, which had applied the 
graduation the micrometer telescope, owing its defective construc- 
tion. The number independent checks which had been secured 
during the progress the work enabled the uncertainty thus arising 
almost entirely eliminated from the map. The greater part the 
survey was included sheet inches inches, representing 
extent miles 12, portion which was ocean. The Atlantic 
coast was taken from the Admiralty chart, with which the surveys had 
been connected. Three plans mining districts were also prepared 
the same size sheet, the scale 500 feet the inch. The methods 
employed were found sufficient accuracy enable the surveys 
represented this scale, these districts the closed surveys were 
more numerous and less extensive, and running errors could therefore 
eliminated. 

The cost the survey, found dividing the total expense the 
area covered, per square mile. the time spent the field 
obtaining detail for the plans, and the amount office-work upon 
them, are allowed for, the cost per square mile the map alone would 
not exceed $15. This does not include the expense publication. 


